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RESEARCH MEMORANDUM 


INVESTIGATIONS OF THE DAMPING IN ROLL OF SWEPT AND 
TAPERED WINGS AT SUPERSONIC SPEEDS 


By Russell W. McDearmon and Harry S. Heinke, Jr. 
SUMMARY 


Experimental damping-1n-roll derivatives have been obtained for а, 
series of 33 swept and tapered wings. The wing plan forms were selected 
so that a range of leading-edge positions ahead of and behind the Mach 
cone was obtained at three Mach numbers, 1.62, 1.93, and 8.11. 


The damping in roll appeared to be predicted quite accurately by 
the linear theory when the wing leading edges were well ahead of the 
Mach cones emanating from the wing &pexes. When the leading edges were 
in the vicinity of or behind the Mach cones, the experimental damping 
in roll was considerably less than that predicted by theory. Poorer 
agreement with theory was obtained for the wings having a taper ratio 
of 0.25 with leading edges behind or in the vicinity of the Mach cone 
than for the wings having a taper ratio of O with the same leading-edge 
positions relative to the Mach cone. 


A minor investigation was made of the effects of thickness on the 
damping in roll. It was found that the damping in roll of the thin 
wings &greed more closely with theory than that of the thicker wings of 
identical plan forms. The difference in the damping in roll for the 
wings of different thicknesses but identical plan forms was greater when 
the lesding edges were behind the Mach cone than when the leading edges 
were ahead of the Mach cone. 


INTRODUCTION 


An important factor in stability and control calculations for air- 
craft and missiles is the aerodynamic resistance to roll, or damping in 
roll. The damping in roll is generally expressed in terms of the non- 
dimensional parameter a which is the rate of change of rolling- 


moment coefficient С with change of wing-tip helix angle pb/2V. 


шил 
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The linear theory of supersonic flow has provided damping-in-roll T ES 
predictions for & large class of wing plan forms (see refs. 1 to 5). 
However, the experimental information presently available on the rolling 
characteristics of wings at supersonic speeds is rather limited. Тһе 
damping in roll of & group of rectangular and triangular wings at super- МЭ?" 
вопіс speeds was investigated in the Langley 9-inch supersonic tunnel ш mL 
(ref. 6). Free-flight investigations utilizing rocket-propelled test (аа 
vehicles have been made of the damping in roll of several wings, including Kis 
а triangular-wing configuration geometrically similar to one of those used 
in reference 6 (see ref. 7). Numerous other free-flight tests utilizing 
rocket-propelled vehicles have been made of the rolling characteristics 
of various wing-body and wing-body-tail combinations, СОСЕ those . з: 
reported in references 8, 9, and 10. Ms 


The purpose of the present investigation was to supply experimental 1 
values of С; for а series of 33 swept and tapered wings and to com-. p. o see 


pare them with theoretical predictions. For 31 of the wings the leading- 
and trailing-edge sweep angles апа taper ratios were varied systematically, 
and the thickness was held constant. Also two thinner wings were con- 
structed to study thickness effects on CL The plan forms selected — 


gave data through the leading-edge- — m range such that the 
leading edge passed from behind to ahead of the Mach cone emanating from 
the wing apexes. The taper ratios were О and 0.25. 


All wings were mounted on & small cylindrical sting and were tested 
at Mach numbers of 1.62, 1.93, and 2.41. The Reynolds number range of. gue nM. 


the tests was from 0.58 x 100 to 2.37 x 10Ó, based on the wing mean 
aerodynamic chord. > - 


SYMBOLS ` SOS ЛЫН ваа 
р wing span | 25 ын хан ис. = 
S . total wing area . ЕЗ =; нэ : 
А | aspect ratio, v? /s нэ йн - 7 
= Ф wing root chord (calculated from measured wing CS) DS 
Ct wing tip chord P 5 72 m | 
\, wing taper ratio, с+у/с„ “i, d - шоо M E 
A angle of sweep of wing leading edge, positive for sweepback | 


^d 
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Arg angle of sweep of wing trailing edge, positive for sweepback 
M | free-stream Mach number 
g= VM -1 
" Mach angle, sin = 
р angular rolling velocity 
а free-stream dynamic pressure 
R Reynolds number based on mean aerodynamic chord of wing 
t maximum wing thickness 
V free-stream velocity 
pb/2v helix angle generated by wing tip in roll 
L rolling moment 
C, rolling-moment coefficient, 1/480 
23 demping-in-roll derivative, 9С;/9 E 

APPARATUS 

Wind Tunnel 


All tests were conducted in the Langley 9-inch supersonic tunnel, 
which is a continuous-operation closed-circuit type in which the stream 
pressure, temperature, and humidity conditions can be controlled and . 
regulated. Different test Mach numbers are provided by interchangeable 
nozzle blocks which form test sections approximately 9 inches square. 
Throughout the present tests, the moisture content in the tunnel was 
kept sufficiently low so that the effects of condensation in the super- 
sonic nozzle were negligible. 


Models, Support, and Rolling-Moment Balance 


The pertinent wing characteristics are presented in table I. АМ 
but two of the wings were constructed of 3/16-inch-thick, SAE 4130 steel 


`: lh 
т. 
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sheet. ` The remaining two (wings 10-A and 21-А), used'to study thickness PEE de: 
effects on ын » were 1/8 inch thick and of the ваше material. The рО 


edges of the С ш group жеге: beveled at ай. angle of go in & direction "EN. 
parallel to the wing root chord. А11 surfaces were ground and polished И 23 
to insure & smooth finish. " Ba" 


The wings were mounted оп а smali cylindrical sting by means of a 
tang inserted іп а groove in the sting, and уеге secured by lock screws _ | 
and pins. The gap at the wing-sting juncture was filled in with plaster. PE. 


Photographs, of the damping-in-roll test apparatus are presented in 
figure 1. The sting on which the wings were mounted was connected to a.  .. 
shaft rotated by ап air-driven impeller. Strain gages were so located. 
on the shaft as to be sensitive only to a rolling moment applied by a 
wing. In operation this rolling moment was measured on a strain indi- 
cator unit which was wired to the rolling-moment strain gages by means 
of slip rings and brushes. With minor exceptions, this unit was the ` e 
same as the standard Baldwin Southwark 88-Ц strain indicator unit. мэн 


The rolling velocity was measured with.a Stroboconn frequency indi- 
cator which was modified to indicate revolutions per minute ход means of 
& generator attached to the rear of the shaft. 22 халил 118 


TEST PROCEDURE SUMMO NET UAE 


The models were rolled by means of a jet of compressed air directed ` 
against. the impeller blades. The desired values of rolling velocity - == 
were obtained by varying the mass flow of the compressed air through а | 
manual gate valve. The corresponding rolling moments were слева ев оп | 
the strain-gage indicating unit. нг" | й | ZB A и C 

The rolling-moment installation was calibrated statically before  _ 
and at intervals during the testing to СЕ any possible changes DR 
in the strain-gage constant. | О | - Cum 


During а test of a given wing, the amount of air, exhausting from | 
the impeller into the tunnel exceeded the amount of air leaving through 
the bleed valve which vented the tunnel stagnation chamber to the atmos- 
phere. The result was a temporary increase in the tunnel stagnation | 
pressure (and dynamic pressure. and Reynolds.number). ‘This occurred most ME 
noticeably for wings with large damping, since a greater mass flow of . .  . . = 
air through the impeller was required. In all cases the pressure was Е Е 
allowed to settle out to а constant value before data were taken. IARE LN 
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PRECISION 


The precision of the data has been determined by estimating the 
accuracies of the measured quantities and evaluating their effects on 
the coefficient C, and the parameter pb/2V. Over the range of 
moments encountered in the tests, the maximum error in the strain-gage- 
balance calibration factor was $1.1 percent. ‘The resulting error in Cj 
was 1.1 percent. Error in the measurement of the pertinent wing angles 
gave an uncertainty in wing area such that an error of about 20.5 per- 
cent was present in the v&lues of Су. Measurements of the rolling 
velocity were in error by t5 rpm in the test range апа contributed а 
maximum error in pb/2V of 20.1 percent. Тһе surveyed variation of | 
each of the free-stream Mach numbers is about 40.01. 


RESULTS AND DISCUSSION 


The variations of rolling-moment coefficient with wing-tip helix 
angle for the 33 wings tested аге presented in figures 2 to б. Within 
the accuracy of the data, the values of. C, for most of the wings аб 
the three Mach numbers varied linearly with the rolling velocity. The 
parame ter Clp was therefore independent of rolling velocity, as pre- . 


dicted by linear theory. 


For several of the slender wings having highly sweptback leading 
and trailing edges, the variations of С; with pb/2V were nonlinear 
(e.g., figs..2(b), 3(&), 3(e), 3 (2), З (6), and 3(1)). Ihese nonline- 
arities probably represent the net contributions to C, of thickness 
effects, separation of the flow near the tips, and aeroelastic effects. 
Since the variations of Су with pb/2V were nonlinear for some of the 
Wings, all slopes were estimated for that portion of the curve through 
а value of pb/2V of 0.02. 


The collected values of С are plotted in figures T to 12 іп а 
manner suggested by the linear theory for wings in steady roll. The 
abscissa is the quantity В cot A, which describes the position of the 
leading edges relative to the Mach cone from the wing apex. For values 
of В cot A greater than 1, the leading edge lies ahead of the Mach | 
cone (supersonic leading edge ); for v&lues less than 1, the leading edge 
lies behind the Mach cone (subsonic leading edge). Plotted га the ordi- 
nate is the quantity Ве For all except the triangular wings the 


values of Pet ` for wings having the same taper ratio and tested at 


Mach numbers ане а common value of ВА аге presented on the ваше 


E 
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plot. For the triangular wings the values of цаг at аі1 three Mach 


numbers аге presented on one plot. The figure P MUN this manner 
allows the theoretical values for isolated wings to be represented by 
& Single curve independent of Mach number. The theoretical predictions 
of Bez were obtained from references 1, 2, and 4, according to the 


geometric properties of the various wings. 


For wings 1 to 28 (figs. Т to 11), the damping in roll agreed 
quite closely with theoretical predictions for В cot Л Z 1.5. For 
В cot Л < 1.5, the agreement of the damping in roll with theory became 
progressively less as В cot A decreased. For each value of ВА, the 
poorest agreement with theory was found at the lowest value of. B cot A 
obtained. The agreement was poorer for the wings having a taper ratio -/ 
of 0.25 than for the wings having a taper ratio of 0; evidence of this | 
is contained in the following table: 


Approximate | Minimum value аднае Вет 


value of BA! of В соб A 


Taper | Mach 
ratio Theoretical. Цин 


Wing 


By referring to table I, it may be observed that the two wings compared | 


at each value of ВА had the same leading-edge-sweep angles and the 
same aspect ratios. Thus, the principal difference in the two was the 
difference in the areas of the tip regions. The poorer agreement with 
theory for the wings having a taper ratio of 0.25 was probably due to 
separation of the flow at the tips and thickness effects. Separation. 
would cause a smaller pressure differential between the upper and lower 
surfaces than that predicted by theory; this, acting on a larger tip 
area, would cause a greater loss in lift at the tip of the wing having 
a taper ratio of 0.25 than at the tip of the wing having a taper ratio 
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of O. Thus, greater losses in rolling moment and reduced values of 
PES would result for the wings having а taper ratio of 0.25. 


For the triangular wings (fig. 12), the experimental damping in 
roll varied from slightly &bove theory when the leading edges were 
considerably ahead of the Mach cone to approximately 85 percent below 
theory when the leading edges were subsonic or in the vicinity of the 
Mach cone. The results аге in fair agreement with the resulta for 
triangular wings obtained in references 6 and 7, although in the present 
investigation the damping in roll for triangular wings with supersonic 
leading edges was higher than that obtained in references 6 and T, for 
B cot A > 1.30. This difference was probably due to the fact that in 
references 6 and 7 the wings were mounted on & much larger body of revo- 
lution than the mounting sting used in the present tests. As В cot A 
decreased to low values (B cot A « 0.90), the results of the present 
tests and those of references б and 7 showed а tendency toward closer 
agreement with theory. 


Theoretically the variation of ВС with B cot A may be repre- 
^p 


sented by & single curve independent of Mach number, for swept, tapered 
wings with common values of ВА and A. (For triangular wings а common 
value of ВА is not required.) Experimentally, a somewhat different 
curve resulted for each Mach number. (See figs. 8 to 10 апа 12.) In 
general, this occurred to & greater extent when the leading edges were 
subsonic than when the leading edges were supersonic. 


The experimental damping in roll of the two 1/8-inch-thick wings 
(wings 10-А апа 27-А) was different from that of the 3/16-inch-thick 
wings of very nearly identical plan forms (wings 10 апё 27). The dif- 
ference was more pronounced for the subsonic-leading-edge wings 
(wings 10 and 10-A) than for the highly supersonic-leading-edge wings | 
(wings 27 апа 27-А). For all three Mach numbers (and values of ВА), 
the damping in roll of the thin subsonic-leading-edge wings was higher 
than that of the corresponding thicker wings - &pproximately ZO percent 
higher at М = 2.41 (ВА 5.00, fig. 10), 30 percent higher at М = 1.93 
(ВА * 4.00, fig. 9), and 70 percent higher at М = 1.62 (BA 3.00, 
fig. 8). That is, the values of BC; for thin wings were more nearly 


in agreement with those predicted by theory. This would be expected, 
since the wings were assumed to have zero thickness in the theoretical 
calculations. 


CONCLUDING REMARKS 


Wind-tunnel tests were made at Mach numbers of 1.62, 1.93, and 2.41 
of the damping-in-roll derivatives of a series of 33 swept and tapered 


wings. мас: U 7 
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The damping in roll &ppeared to be predicted quite accurately by EE т 


the linear theory when the wing leading edges were well ahead of the > . .. 2 
Mach cones emanating from the wing apexes. When the leading edges were  . . . |. 


in the vicinity of or behind the Mach cones, the experimental damping . _ 
in roll was considerably less than that predicted by theory. Poorer .  __:: 
agreement with theory was obtained for the wings having a taper ratio PAREN 
of 0.25 with leading edges behind or in the vicinity of the M&ch cone 
than for the wings having а taper ratio of О with the ! game leading-edge үр 
positions relative to tbe Mach cone. бай? 22 2-2 I ee E 
It was found that the damping in roll of the thin wings agreed = . | + 
more closely with theory than that of the thicker wings of identical 
plan forms. The difference in the damping in roll for the wings of ИРЭЭР 
different thicknesses but identical plan forms was greater when the  .  . | .  ., 
leading edges were behind the.Mach сопе than when the leading edges NN 
were ahead of the Mach cone. IEEE E сы ышы 


Lengley Aeronautical laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va. | E Tn IDE 
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Stroboconn generator xš 


D2'!anos windshield 


Sting winishield 
Mounting sting 


jln 


Tunnal-side-wall mcunting plates 


(&) Completely &ssembled. 


Impeller Alzreexhaust echanneate. i 


Slip rings 


Strain gazes 


(b) Half of balance windshield removed. 


Figure 1.- Photographs of the damping-in-roll test apparatus. 
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Figure 2.- Variation of rolling-moment coefficient with wing-tip helix 
angle for wings with sweptback leading and ташы edges, A = Os 
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Figure 2.- Continued. 
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Figure 3.- Variation of rolling-moment coefficient with wing-tip helix 
angle for wings with sweptback leading and trailing edges, А = 0.25. 
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Figure 3.- Continued. | 
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Figure 3.- Continued. 
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Figure 3.- Continued. 
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Figure 3.- Continued. 
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Figure 3.- Concluded. 
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Figure 4.- Variation of rolling-moment coefficient with wing-tip helix 
angie for wings with sweptback leading edges and sweptforward trailing 
edges, X = О. Flagged symbols indicate check points. 
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Figure Д.- Continued. 
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Figure Д... Continued. 
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(h) Wing 24. 


Figure }.- Concluded. 
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Figure 5.- Variation of rolling-moment coefficient with wing-tip helix 
angle for wings with sweptb&ck leading edges and sweptforward trailing 
edges, X = 0.25. Flagged symbols indicate check points. 


26 


Q 


Q 


010 


21141111 11А11111111- 
pot LI 
ENWEBNREY A. а сіў» NN 
Ча Маа л ини S 
шиши мыни ш NN 
——— ЕН sss E nct вак 
3 ym 
И-га 
= Q89 ю105 320 
[O81 | | у у | | ГА фаолоюоэа 45. 
ANENKNEMEBBNEENMEENARNNE 


(c) Wing 27. 


00 


ITTTETTITITTTITTI 
CECE АЕ we 
LL А Zo FR 
яшиме „нини 


! 7 та [w | 8x65 [Booth 
ЗУУ O (1,62| 101 10137 |246 | 
Z Б 
0.71 toQ97 
HOD A Æ 


2V 
(d) Wing 27-A. 


Figure 5.- Continued. 
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(e) de 28. 


Figure 5,- Concluded. 
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Figure 6.- Variation of rolling-moment coefficient with wing-tip helix 
angle for triangular wings. Flagged symbols indicate check points. 
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(b) Wing 30. 
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Figure 6.- Concluded. 
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Figure 7.- Damping in roll of swept and tapered wings, ВА 2.35. Dashed 
portions of theoretical curves refer to лав ven subsonic RENE | 
edges and have limited significance. 
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Figure 8.- Damping in roll of swept and tapered wings, ВА % 3.00. Dashed 
portions of theoretical curves refer to wings with subsonic trailing 
edges and have limited significance. 
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Figure 9.- Papiu in roll of swept and tapered wings, ВА % 4.00. Dashed 
portions of theoretical curves refer to wings with subsonic trailing 
edges and have limited significance. 
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Figure 10.- Damping in roll of swept and tapered wings,. ВА л 5.00. 
Dashed portions of theoretical curves refer to wings with subsonic 
trailing edges and have limited significance. 
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Figure 11.- Damping in roll of swept and tapered wings, ВА = 6.80. 
Dashed portions of theoretical curves refer to wings with subsonic 
trailing edges and have limited significance. i 
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Figure 12.- Damping in roll of triangular wings. 
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